Abstract Three cassava clones (SOM-1, "05", and "50") were cultured in vitro on MS medium plus sucrose (30 g L −1 ) and myo-inositol (100 mg L −1 ) without plant growth regulators and with additions of 0 (control), 0.5, 1, 1.5, 2, 2.5, and 3 g L −1 NaCl to test their salt tolerance. The same cassava clones were cultivated in greenhouse conditions on a sandy soil substratum and irrigated with 20% strength Hoagland solution, and additions of 0, 4, and 8 g L −1 of NaCl. Salinity negatively affected the survival, development, leaf water content, and mineral composition (mainly by accumulation of Cl and Na) of both in vitro and ex vitro plants, but with different intensity in each clone. In both conditions of culture (in vitro and ex vitro) clone SOM-1, from a desert arid saline zone of Somalia, was the most tolerant and clone "05", from a rainy region of Ivory Coast, the most sensitive. Clone "50" tolerance to in vitro salt treatments, although lower, was not significantly different from that of SOM-1 but the ex vitro response was similar to "05". In general, there was a correlation between in vitro and ex vitro behavior of the cassava plant regarding salt tolerance, which would allow the in vitro culture method to be used for selection of salt-tolerant plants of this crop.
Introduction
Cassava (Manihot esculenta Crantz) provides food for over 500 million people, mostly in poor, nondeveloped countries (Roca et al., 1992) . The increasing demand for this crop and the consequent expansion of its area of cultivation requires the selection of plant material appropriate for the new cultivation zones, which in many cases are affected by the salinity of the soil. Thus, the selection of salt-tolerant cassava clones is a major goal.
In vitro culture techniques of plant tissues or cells are good tools for salinity studies, particularly for characterisation, and for obtaining tolerant plants (Sumaryati et al., 1992; Kuo et al., 1994; Morabito et al., 1994; HafizurRahman et al., 1995; Zhang and Donnelly, 1997; Cano et al., 1998; Kirdmanee et al., 1998; Khrais et al., 1998; Liua and Baob, 1998; Ochatt et al., 1998) .
Most studies on this subject have been carried out with meristematic, little-differentiated plant material (protoplasts, cells, callus, etc.) (Babaeva et al., 1968; Melchers, 1972; Dix and Street, 1975; Nabors et al., 1975; Chen et al., 1980) . However, plant regeneration from this material is not always easy, and frequently the regenerated plants do not retain the level of salt tolerance achieved in the initially in vitro selected plant material (Flowers et al., 1985; Tal, 1994) .
Some authors (Barlass and Skene, 1981; Cano et al., 1998; Alhagdow et al., 1999; Troncoso et al., 1999a, b) have used differentiated explants (buds, microcuttings) that have greater genetic stability, thereby allowing easier plant regeneration and propagation. Nevertheless, it was highly recommended to check the salt tolerance of the in vitro selected plants under ex-vitro conditions (Skene and Barlass, 1988; Troncoso et al., 1999a, b) . A close relationship between the in vitro-ex vitro responses of different grapevine rootstocks to salt was found by Troncoso et al. (1999a) .
In this work we have compared the salt tolerance of three cassava clones in both in vitro and ex vitro conditions to test if in vitro culture techniques could be applied to the selection of salt-tolerant cassava clones.
Materials and Methods
Three cassava (M. esculenta Crantz) clones were used as plant material: one from an arid saline desert zone in Somalia, SOM-1, (provided by Prof. P. Fiorino of the University of Florence, Italy), and two from a rainy region in Ivory Coast (Istituto di Ricerche sulle Attivitá Terziarie Mouaké), "05" (id number 7902), and "50" (id "Bonova rouge 1"), provided by the "Institut Français de la Recherche Scientifìque pour le Développement en Coopération" L'ORSTOM of Montpellier (France).
As the plant material was sent in vitro, it was unnecessary to disinfect it for propagation. Uninodal explants (15 mm long) of each clone were placed individually in test tubes (150×25 mm) with 8 ml of MS medium (Murashige and Skoog, 1962) In vitro cultured plants of the three clones were adapted for greenhouse experiments by transplanting them to pots with sterilized sand-peat (1:1 w/v) substratum as described by Cantos et al. (1993) . After 10 d, the plants were transplanted again to pots with 900 g of sterilized sandy soil for a second adaptation period (15 d). Throughout these two adaptation periods, the plants were irrigated with 20% Hoagland solution.
After the second adaptation period, the plants of each clone were divided into three homogeneous groups: one group was irrigated throughout the experiment only with After each set of experiments, in vitro and ex vitro, the number of surviving plants, dry weight, water content, and Na and Cl contents of root, stem, leaf, and the whole plant were determined, only for surviving plants.
The tissue water content (% hydration) was calculated from the formula:
Determination of Cl was performed by colorimetric methods (Florence and Farrar, 1971) and Na by plasma emission techniques (Hamilton, 1980) . For statistical analysis, variations of dry weight and water content, both in vitro and ex vitro were expressed as percentage of control, considering the control as 100%. Data were subjected to analysis of variance (ANOVA) and least significant difference (LSD), with salinity treatment and clone as factors. When the main effects were significant (P≤0.05), differences between means were tested for significance by Tukey-Kramer multiple range test. Statistical program package used was Statistix v 1.0. Means in rows or columns followed by the same letter (capital letter for salinity treatment and small letter for clones) do not differ at P≤ 0.05 (Tukey-Kramer's multiple-range test).
Results and Discussion
The three cassava clones generated whole rooted plants with good growth after a single in vitro culture cycle without plant growth regulators (Table 1) . Thus, the plant material used, already established in vitro, responded very well to propagation and did not need a rooting phase, normally used for in vitro cassava propagation (Roca, 1984) . Salt applications to the medium up to 1 g L −1 of NaCl
) did not affect the survival of the plants in vitro, and all the explants formed plants ( Table 2) .
The cassava explants showed good tolerance to salt in vitro (up to 7.5 dS m −1 ), which was lower than that indicated for explants of grapevine rootstocks (Troncoso et al., 1999a) or olive (Troncoso et al., 1999b) . Treatments with 1.5 g L −1
of NaCl (6.8 dS m −1 ) did not affect the survival of SOM-1 explants, but provoked the death of some explants of clones "05" and "50". The negative effect of salt was more evident with the additions of 2 and 2.5 g L −1 of NaCl. Clone "05"
was least salt-tolerant. Survival of SOM-1 was the highest at 2.5 g L −1 of NaCl, although no significant differences with clone "50" were found. None of the clones resisted the presence of 3 g L −1 of NaCl (9.1 dS m
−1
). Salinity also affected the development of the in vitro plant organs (roots, stem, and-mainly-leaf) and consequently the whole plant. Low concentrations of NaCl increased the in vitro biomass production (expressed as percent of the control) in all the organs considered and, as a result, in the whole plant, of the three clones (Table 3) . Over 1 g L −1
of NaCl biomass production decreased, mainly in the leaf. At 1.5 and 2 g L −1 the dry weight was significantly higher in SOM-1, which was the clone with the highest survival ( Table 2) . On the contrary, clone "05", which was the least tolerant according to survival percentage, presented the greatest dry weight loss at all the NaCl concentrations. A positive effect of the Na ion on the development of C 4 plants was reported by Johnston et al. (1984) , whereas Brownell (1965 Brownell ( , 1979 considered Na as a micronutrient for glycophyte plants. Marschner (1971) and Marschner et al. (1981) also found positive effects of small quantities of Na on sugar beet plant development. The salt treatments only affected the leaf water content that decreased with applications of 2.5 g L −1 of NaCl in all the clones, although that decrease was significant only for clones SOM-1 and "50" (Table 4) . Troncoso et al. (1999a) , working with in vitro grapevine rootstocks, also indicated that desiccation as a result of salt excess began in the leaf tissues. This effect on the water content has been indicated as a result of the action of salt on the plant (Greenway and Munns, 1980; Ashraf et al., 1986; Pasternak, 1987; Grattan and Grieve, 1992) .
Salt treatments provoked accumulation of Na and Cl in the plants (Table 5 ). These accumulations were proportional to added NaCl concentration in the medium. There were no differences in the Na and Cl contents among clones. Similar Na and Cl accumulations were indicated by Troncoso et al. (1999a) for grapevine rootstocks grown in vitro and by Troncoso et al. (1999b) for olive plants grown in vitro.
Thus, salt treatments affected survival and growth of cassava plants in vitro. However, NaCl applications up to 1 g L −1 (even 1.5 g L −1 for SOM-1) increased biomass production in the three clones, indicating that cassava shows relatively high salt tolerance in vitro. Nevertheless, the tolerance level was different for the three clones: SOM-1 showed the highest survival at 2.5 g L −1 without significant differences with clone "50". At that concentration, clone Means in rows or columns followed by the same letter (capital letter for salinity treatment and small letter for clones) do not differ at P≤0.05 (Tukey-Kramer's test). Means in rows or columns followed by the same letter (capital letter for salinity treatment and small letter for clones) do not differ at P<0.05 (Tukey-Kramer's test). Table 7 . Effect of salinity on dry weight (expressed as percent of the control) of the three cassava clones after 50 d of culture in greenhouse.
For the treatment of 8 g L −1 the measure was taken at day 45 for SOM-1 and at day 35 for clones "05" and "50"
Organ Clone
Treatment (g L Means in rows or columns within each organ tissue followed by the same letter (capital letter for salinity treatment and small letter for clones) do not differ at P≤0.05 (Tukey-Kramer's t test).
"05" was significantly less tolerant ( Table 2 ). The possibility of classifying cassava plant material according to its in vitro salt tolerance makes in vitro culture a very interesting tool for clonal selection of this crop. The saline treatments also affected plant survival in the greenhouse. In the 4 g L −1 NaCl treatment, plant losses were similar for the three clones, without significant differences between them (Table 6 ). However, in the 8 g L −1 NaCl treatment, some differences were observed. After 35 days, 77% of SOM-1 plants survived, whereas more than 74% of "05" and "50" did not. At day 40, all the "05" and "50" plants had died, whereas around 46% of SOM-1 plants survived. At day 45, 31% of the SOM-1 clone plants continued to survive, and all the plants of this clone finally died after 50 d. Thus, even in greenhouse conditions, SOM-1 was the most salt-tolerant clone of cassava, and a clear relationship between in vitro and ex vitro behaviors could be established. Dry-weight production was also affected by salinity in greenhouse culture. In Table 7 are shown the variations on dry weight caused by the salt treatments expressed as percent of the control (control is 100%). In general, "05" presented significant lowest dry weight at 8 g L −1 .
Leaf water content of ex vitro plants was also modified by the salt treatments (Table 8 ). Salt addition clearly decreased leaf hydration in all the clones: water loss was significantly lower in SOM-1.
As in the in vitro test, NaCl additions caused Na and Cl accumulations (proportional to salt applications), but without significant differences among clones (Table 9) . Thus, as indicated for the in vitro experiments, the greater salt tolerance of the SOM-1 clone was not related to a lower uptake and accumulation of the toxic saline ions, but probably to a greater capacity to resist the stress situation. Other nutrients were not apparently affected by salt.
According to the results, there was a correlation between the in vitro and ex vitro responses of the clones to salt treatments.
In both conditions of culture, the leaf was the organ where the negative signs of salt toxicity (losses of biomass and water) were more apparent and intense in the less tolerant clones. Neumann (1997) indicated that a foliar effect was a good method to measure salt tolerance.
Another similarity between the in vitro and ex vitro experiments was the accumulation of Na and Cl in the plant because of NaCl additions. This relationship between Na and Cl in plants and medium was also indicated for in vitro culture (Barlass and Skene, 1981) and for greenhouse or field conditions (Cano et al., 1998; Alhagdow et al., 1999) , and indicate that Na or Cl contents in plant tissues are a good marker of salinity conditions.
The correlation of in vitro and ex vitro responses of cassava to salt treatments suggests that in vitro culture can be a promising method for the study of the plant response to salt and for fast selection of tolerant cassava clones. Table 8 . Effect of salinity on leaf water content variation (expressed as percent of the control) of the three cassava clones after 50 d of culture in greenhouse. For the treatment of 8 g L −1 the measure was taken at day 45 for SOM-1 and at day 35 for clones "05" and "50"
Clones
Treatments (g L Means in rows or columns within each organ tissue followed by the same letter (capital letter for salinity treatment and small letter for clones) do not differ at P≤0.05 (Tukey-Kramer's t test). Means in the same rows or columns for each ion followed by the same letter (capital letter for salinity treatment and small letter for clones) do not differ at P≤0.05 (Tukey-Kramer's multiple-range test).
